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SOLUTION: An island-shaped seed layer 12 is first set on 
a substrate 1 1 . The seed layer 1 2 functions as a core 
for crystal particles of a metallic undercoat layer 13 
formed on a Co-based ferromagnetic metallic layer 14 to 
initially grow without inhibiting a crystal orientation 
of a Cr-based metallic undercoat layer which controls a 
crystal orientation of the Co-based ferromagnetic 
metallic layer, and reduces a diameter of crystal 
particles of the metallic undercoat layer 13. An average 
particle size of magnetic crystal particles constituting 
the ferromagnetic metallic layer 14 can be made small 
without changing a film thickness of the metallic 
undercoat layer 13 or a film thickness of the 
ferromagnetic recording layer 14 functioning as a 
recording layer by layering the ferromagnetic metallic 
layer 14 onto the diameter-reduced metallic undercoat 



layer 13. Moreover, a standard deviation of magnetic 
crystal particles can be suppressed. 
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lif^SitaXfl^tifiKi-^^Tilk^ 1 3 iftfSL-TZT.m 
X*> I), DO SlftOMlitBttllS^ilKti -> 
- Kg 1 2 5riSt4Ig«:Sl*t4o 
[0 0 3 9J COISOU <fc<l>£f*l 1 <Of?S±-^<Og£ 
5!f f* » i± , ±xE L fc*Iii:U it 4 BH&ift l=t$* * a l£ 
•to DS 0«fi#:*4v»(iSD0ii#OJ»*(i&«T«k* 
fcfc-fC rMO$§ B B H e*/J>afti-^^r6](;^fflL, DO 
S «tfl:04l£-(i > - K* 1 2 ft/hHffc-t* t 

[0 0 4 0] -e<75@*, DSOi#*iv>(JSDOIft JO 

tefls&KW i 4 £«j&l-£mi4S B B B *£o**g;6 f 'h£ < 

/hST^-^ifcofc&ttv- KS 1 2 SrRBfc 
LT, -e<0±Uf^$it^&«T«l)S 1 3*«:-#-CrBI 

**><t>9$£<&.5>o Z<r>£n{Zfm&$i1tLtz£mTfk 
m 1 3 0±(C53ij&14f*£«e 1 4 Srff^Jjfc-f&c: t d <fc o 
T, ifil&ttttftR* 1 4 &&t-^1M1i B B B *20tr<2rt ? /h£ 
<&<9, t«fiio#ttt6«t6. ,l*i.uf¥t\ WS 40 

mtnqmmt iM<o $ e> s e> it*. 

[0 0 4 1 ] ±aLfcS**fi6tt»ae«)/hfi!fti3J:O f 

©DSlft± 19 D S O«tfls«)^r**flgit*o 
©S DUE*! I) S DO«tfrO***ffiit&„ 
@DS0I#J:i)SD 0«JM*O*a«&flF t & >9 , S D O 
«E#i 0 DO S«t#0***S <bU5S:#Sit*o 
[0 0 4 2] oJiK ±IB(D<!:©^e>, XSO&KFfcfc 
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?#.5s14£«»§ 1 4 i:mm-t2>m&&£ki& : t-<D¥- 
*„ itz. ±iB©^<b, xso^+p.s&axffuflnxT 

ft « L tzmtiW + T«± , DOS <, ffiit T v > 4 C 

[0 0 4 3 ] UTtli, &<::£'<£:&*«>X&*1EU11 
%Lm?i*)t§f&<r>—mt LT, CIt'li*02o<9^$ 

JRl9±lf-2>o 

(d) iie+rajaaxg^ igD-igo-igs- 

I8DO«i:lTbiU»& (ft^Lfcffiffcfc^DO SD 
^ftt^i"*) „ «fot,DO S«f#Uj3lt*«t'flM2! ! 
aXUOfit&UI? SXflD €riM*D Lfc i> <r)X-$>h 0 

(e) iE + WUaaiS^, ISD—I80— IfiS— 

x ft d - x *i o o in i : ft t> i t * *& 6- ( ft ft l tz m f $ & * 

DOSDOfltflttPfft-r*) o t4b*D0SD«#i: 
* 1 1 4 + BftlIgOf8 1 = «SI8 O & ii*D L 4 ff) 

[0 0 4 4] ±5B (d) T-li, lg2(7)XfID (K7-fi 

**HW?»»f"t<)+»(;lllofc«#:i 1±U, ^gTUt 
113, 3*1£1£&R« 1 4 *W^Wt»$*4 - t imUt 

s»ti) i> /J^ & < 4- 19 , »s»fb«>gi$9jf"b a m <> escn 

?it4 0 

[0 0 4 5] ±IB (e) T(±, ±IB«2c0XflD ( Y=y 
^7f>?) Of^lC, gP>IC^2OX!10 
31) fciltn-t&CtU.toT, «2 OXflDtC i '9-«J#- 
ffcSitfc*tt->- K» 1 2 S-»x.fc*#:i 1 JiU, #«f 
S ^ v > & $1J ^1 L ^ t5 ? Cj gS^ * £ fc^S * ft <9 

aii-ct^T#4 0 -e-LT, ^CKoiTttlftli: 
*4^f* 1 1 ±U, ^JSTflkd 1 3 , ?*.jgtt#^1 1 4 

<5>4r 4 K 

1 1 2 1 1 C0^®X(Z, «JSUiR»$Hi:fc 

j z<r>±izmm-ti>£mTnim 1 30^^*3:^1 

1 4 <r)m£k%Z<n3i8.±iti> £ <) —mVVz-bix2><OX\ 5«tt 

») tst (cjrpmu s it, 5*a»ftoe^sEffc a m 
-i&#$it4„ 

[0 0 4 6] ±»Lfctt*«r«Btt«fie<0/haSiJ J: 

@DO S«#J: 19 DO S Di«f*c0^7!» ? A<itT-^4o 
©DOS D»f$ <fc 19 D O S D OMW<r>l5tfZ h UBS:# $ 

[0 0 4 7] oi 19, ±8B©aO f ©3»»?>, jfel-as^fctt 
S<OXg, 1-4-fe*.XflD, XgS*4tWiXg 0<7)^ 
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U 

fWfgiWIii'J: 0 -if/h£ < £ 0 , -e<og*, S£ftO 
frhtn^tz* 

[0 0 4 S] ±»6Lfca*l±, £T, ftJRTtt* 1 3 0 

fc*!>U, ^RTHkH 1 3 OI8il?*5iH&14&«'I 1 4 Olg 70 
9 * 1 S KttfHEJET # 4 1 1 » t f 'J* Sr «b 1" 0 

10 0 4 9] Lfc^oT, *£9JU(fc4iB$lE««M*:*> 
S^t^ftUiftli*, 53U&14&JRS1 4 *»j£-r45Btett 

1 3 OBW*a«B1t&«« 1 4 0R*Sr«8Uuai[ge3E 

§ ^ of, tftRitifltttto i mmmm t i6j_t l tz 

[0 0 5 0] ifc*«WU(S*«j3l*j£-Cli. JfcMMO 
PJitA^S (^to^SfE) t Ltl 0- 9 [Torr] £iZ 20 

flJffl£ftTv>4 1 0- 7 [Torr] £ fc <^ 0 j£B££OflJiIJt 
[0 0 5 1 ] f fc^UiS^TtSfl:! 1 t LT, ^&t££ 

tmami 1 bfrbmi&zi^ tmmmi 1 b 
a*, - y y ^sy-'is- y )u t mn^fex-mm t mat) 

ICI4, laifclgO^ffl • <bU|Sj±-f4<7) 

14^SeO/hSfbSr?'bUIl4C irt ? T-£4„ oil), 
*«W»-«*«a*S»±, ^JBtt««l 1 atilll 

i b*t>ffi«f^ s^aum i b*> ? , -vrnsRzrm 
-••j t#^mx~mmt mating ^7tm*3E.t l 

[0 0 5 2] £<bic<i, #^U{£4MMEf^f£<i, 
j££ftT£ft£m^#1±£ffixTt>4<0-C-, 

m 1 4 im*£ o&D^^tt^ffift, jftaasrwiwci 
a i. * * »- »aae t «: o «j»T-caffl ? ft fc » ^ -e * o 

t^., *%WUiife4tMfc*«JSi-4»SBtt&R« 1 4<7) 
SiiftS-ixiitUloT, «W2c5£ttU«ftJtiB 
[0 0 5 3] WTT'li, *«9!OHifc&ttWKOv»Ttt 50 
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fpJi-4,, 

[0 0 5 4 ] (gffc) *§§9jUt£4£#l 1 t LTti. 

ffiai«-0>1Ifcfl:ji>&$:4#«ttaS«l 1 a, 
fcO*iEU*ft*fiW'fcfc4^8140l8flNRl 1 b£x 

Ma^lTofctWAtflf e>ft4 0 COgffcl lStnSi-fS: 

o*Si:i i)fts«Sftfc (N i -P) El, (Ni-T 
a) m. (N i — T i ) BW*#4 L^o 

[0055] ifz^mxa, mfci it it, $m& 

««1 1 atMIl 1 C54"b««:$ft. ^ffil^l 1 c 

t5 { . n i av'fgN i t^simx'^mtwmti<r>^Tt 

1(4, SSU 1 cC0*®lc^v^Tfg7c:^* f 

#si-4sr>^i-K^34 r 's*$fti>^'7)-e, m&.z&mm 
nmwiz®mtt*ty*ftmx'fi\kniztt%2-<tz, zt& 

[0 0 5 6] JLifiN i t**foi^-r-il«t«fa*offiv» 

7C^tLT(i, ^0xl4P, Co, W, Fe, V, Cr, 
Mn, Cu, Zn, Mo, Pd, Sn, Re, A I , Z 
r, B, Ti, Hf, Nb, T a tf) 4 1 £ ft -5> 1 

aS7t(±2ttJ3L±Wx^* t #Ji-e*l7, <£T-<)N i to 

[0 0 5 7] <?Ux(f, ±EN i t&Vrajmx&IZtmtt 
*<OS5^»7C*Sr P t C o Ui-4»fc(i, IHBttOT* 5 
1 a^rffl^L, CO^tgl 1 a =Sr8a 

i)5 (iSp^^^^T- y nN i -4 2 2^) 
hS:JginLfcAo#iftS:fflv>T*Sl 1 a±ICN i Co 
P*o| ^teLT^Igl 1 a±UCo*Bf5e*^*i-* 
(N i — P) cO^SBil 1 c ilSL, -eo^BffSe^SD 

[0 0 5 8] ^#1 1 Ltli, r-V x^ffljtO 

«**K«tfc«^ iP*.»»ES««:i oii, m%.um 
axim±m, nm<7>*>>kzmt lt, 3 6 0 0 

mfrr&o got, it Ltii, mw<r>w-ma. 

[0 0 5 9] »$1 1 A ? @*r./ffElh1-4^^-(C 

(4, iS^E^«ftl OttttA? KO«BB|BI±jJ«»ttR 
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ViMh-fi> (Contact Start Stop, CSSiOf-K) e w<0 
[0 0 6 0] Lrt>U mk^y KW3S4r4fi*±4^t* 

tt^i:, a-i*->- vm<?>9ffi&Mtf 

ffl* R a * 1 n mttTi Lfcgffc 1 1 $H^T-(iif 

[0061] (•>- K«) *%m-Vkbi>- vm 1 2 1± 

Hkf 1 3 SU^fittftHJI 1 4 jS*W1 Sft*. •>- KB 
1 2 < t i> 9 >y*7-> (W) Sr#*LTi3l9, 

JSr4*#ili:v>T LTv>4, :o*«OW->- 

KE 1 2 (±, *o±Uii«Sit.&&KTifc* 1 3 ib-t 

cow ->-K112iR«L fc'h $ 4*2(1 £ 4- '9 , Afflffc 
^ B B B SE|6]14^«#r-#^ 0 5i:, Co£^Tltk«l 3± 

[0 0 6 2] ikm-fzumm-eii. *#->- kh 1 2 

&?IJ££ J&B5IB#<7>tf-;*.l± £ SriUftWi" * £ <t U i o 

r, a6#±(cBfao**t»ss*> h 4 & ■> - vm l 

fc„ MWv- KB 1 2 4-fMi"-&7t*i><o±4^S?^fr 

i£gl± 1 7 0 - 3 0 0 [*C] a f 4f £ L < , if^lZit 1 - 
4 0 [mTorr] Lv>„ 1£*^«<4, «ilf 

Eg3»*l 5 2 [mm] «P?i?-y7 h?:fflv>4»^ 

ttSt««E*>e> 2 5 [w] ~i. 5 [kw] on^&epfin 

mii 2 0 - 6 0 [mm] , /^7Xli0 — 300 
[V] 

[0 0 6 3] JjEoT. M«Wy-K112<0«tt 

s:ti:j;ct, -f-o±u^«?ii4&*iTiib* l 3 o 

afie^ 1 3 a w«rg^aHsi*ftJK« 1 4 osae?- 1 

4 a ff)Sii s , ^STiltf 1 3 1 4 Dig 

[0 0 6 4] JfcWi-fttf, £«Tidl« 1 3 OBH¥^>5fiJS 
tt&R« 1 4 <r)Wf-^m-th C t & < , SMttt^S 

•e«J3Fi*Jtt2-C«ofctt-C*4eaa-1ftC.V.grain<>/J» 
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[0 0 6 5] t tz. ±IEW> - KS 1 2 U * □ A ( c 

rfii_t-r^o 

[0 0 6 6] ±*E Ltz'y— Vm 1 2 Oftttfi^* I £ 
VftPalS^&i'li, ->-K^l 2 ^fMt^EfWi 
f*l l±U»ffi-*K*«rtOtj-#«J. *^v»(if^-f 
^i:C^>c7)g^#j| (igo) U«fc£ ->- Kt 1 2 £B 
l£-f &tt#JO£ft:i 1 ±^0«fi|fl9i«*OJt1ftW4ft 

[0 0 6 7] ifcffWtU, lttv-K112eMU: 
BS^#?I (ISO) i:±5v-Kll 2 S:JB«i-*itt« 
Ji, ^Iit-ifel., »ie»a«:ii-*«T*» 1 3^ 

3S^14#jk« 1 4 ojK«*uf*ffl l. aao/hjmt** 

[0 0 6 S] (&I5T*1) **9Jl-«*fc«TiM 1 
20 3 tLTIi, ?ni (Cr) £ifi5c5f t i"-5>#Jl. 09x 
l±*C rS^ff)^#flfeil^o ^-#i:-r^*i^(±, 

f?ijx.i±\ v, Nb, t am t frit&mmznr 
[0 0 6 9] z<r>^mTmm 1 3«saii, t<r>±izc 
jo 1 4 coa B B B «s^i€-r w t f**. 

[0 0 7 0] C r frhtth^mT^ l 3 «r*/*-y ^ft 
■ef^Ki"***, -2-0$S B B B 14^3ii]Wi-i»«BiH^£ LT 

[0 0 7 1 ] ^i--&5SJS14#^S 1 4 <D(5HS2H±£E 
TUil 1 3 ££i"C rmHA f lix^tcc.nT^< 4-5> 

TV>S. ifc, #JlTH!l^l 3ii-tCrf(D^ei 

-55^tt&JRS 1 4 0»fl8£fc'MifL-f * C £ 

[0 0 7 2] S£oT, &«TH!ie 1 3 U«i> -?-<7)JI)l/4 J 
S<ti 1 4 2^^-H f f 

[0073] *%wr~&z>mmmmi*-i on, f^-r 

50 SS Vy-VmmtiL) *.4v>liIS0 (BI««fS) ^"^ 



15 

U £ f r«IIg i fit x & r ffl v » T^SS £ ft 

&o oil), *%^c^-&ife^Tii!i^ 1 3d, tte*n 

fcSJiH «•*-*" 4 lJLU7BJft3*i« s -J-oftji?:, £ 
LfcBHR«>*J*«:$lt, 4IT*il3*fttCrl«) 

8ae*«fL </MHb-f& 0 co'h&fbu. ±j£l^n 

i StKftN i fc#*r^*BT-K*fc«fn#0]*t»7c**± 
t Lit 4 fftlOU 1 bfc*?Stt*«l 1 art' 

4o 

1 0 0 7 4 ] 1 t LT#7XSSSfflv>5 

ife^Titkl 1 3 <7?TU (N i - A 1 ) BlfcRI* 

[ 0 0 7 5] (®mi4^Jffi)i) 4=«WliJ3lt4»lSit& 
JSf 1 4 £ LTIi, 3/<;Uh (Co) 
i> t> it , * -e 4 9fcet££KV 1 4 oft Att ID «= C r flSfJr 

£<&i:& trews* Lv^ e <HCot 

C r fct^tfMBttfcJMmjW* Lv> 0 *fl:fl«j|-(i, 
CoNiCr, CoCrTa, CoCrPt, CoNi 
P t , CoNiCrTa, CoCrPtTa mifmih 
ft4o flJxtfC oNiCrli, <£ffiX\ mg&W%<F>& 
#«r$«t-^*>v>fc*, CoCrTali, 
t»/c*i>, C o P t SUi, CoNi Cr ^CoCrTa T- 
(*flMRA(VLv>l 8 0 0 O eW±OfiHS*4rH3Elli-*fc 

* icfcHi uffl u> t, ft-c t>4 o 
10076] attttAKV 1 4 iteiM fc Lrmtgi-^, 

4 C 

[ 0 0 7 7] lot, 5*j&144£0*IB 1 4 £ LT(±, Sfc'h 
4' IB^mfb * 3tte \t i%Wt ktztb \z , ffittftfitt^oe 

[ o o 7 s ] *%mz% zm&tmmfc 1 o 

4(4, ±&L£ + PM&9X8*ttlt£:C 
SS^/hfflfb L fc&KTtt* 1 3 co±(z^ M 

tmmt LT«ffii-43s»i±&JK* 1 4o$s B B B e(i, & 

RTHfeS 1 3 0$S B B B e<ot*m'J>MfbcofJS?r?#.<5:(t, 
ESROtti()ft«tilll*l*/Tt. ±EO&«T«t« 
1 3 WIST* J: t U, -Officii, ±JEL£:N 
i SO-'^N i t#W^T-$^iSfO*<Oies^7cfSt£± 
i l,fc£-&Jj»fe$:4tt!im 1 bt*«itaS«l 1 art* 
M«fi5t£ft££frl l*fflv»*Ct-e, SfeK&i*. 



(9) 1#H8 2001-52330 

76 

n m £ tS x -5. fJ*iei<08 H©^ "b $ ft T y, *tz<MZ 
it L . iz f£4 S8 fe-fr&Xim $ ft 

(4flt*T-3 0%W±i/h£4W&g£fitx, -eofig 
•y^^«-rHi*fI^ ! o#-«1-^o cfticf*v>, (ft 

mm&ui>fk±X'Z o%jji±*>a:3isft£o 

[0 0 7 9] L»ot, t Ui§rJffllb£ft£ft B B B 

8*»<b«r.&3HBte&WB 1 4 «:filx.fc*%WU«4J6* 

[oo so] t/z. ±$E<D?kMH.£mm 1 4 1 lt, 3 

xS5S5g14£-#mi4l£0 1 tt-e*4, -fl^C o x C r 
y G e z X'Tp. $ ft, SfiStib ^"t" x , y, z 7 8^ 
xS87, 2. 5SyS14. 5, 3. 5SzS15, 
x + y + z = 100 ({it, x, y, z HW^% IZ X i> 

aftjt*^-r)*4ia«s:*Jti-aiRos6ttiBis:affli- 

%^ f 4f SI^F 1 1 - 1 3 5 0 3 8? (1 9 9 9^5^14 

[0 0 8 1 ] (^IB^»fr(;i5lt^»^fBflS-Sfb) * 
5&W(-i3tt^m«fB«<ft^l 0(±, ±^L^5Mttt#S 
SI 4 0WBU4tL, WUWItfttlDttii* 

ss&s * ft-t-r * t * u , leis^fbo s <b 4 -& /J^Mfb * 

[0082] tfmv££mm<o\mjj :hc, 
f :Hk" ai \ atS-fb^se* :hc/h k«" ain , ft B B B 

Bjm*ttKu«»i") *»wuiJit4 r5*.sitt#s« 

<7)«m* : HcJ t(4, SUtRffaott^tt' (Variable 
Sample Magnetometer, VSMirDf-^) ^-fflv^Tiil^L 

M^145I# : Hk»' ai "J £14, i§5SS hn-^mmf^ 

$ ft 4ffi4RE»«|t«:0»^, S»liBl*iT8l5c L fctt"C* 
4o i/c, Hk«> rain (4, Stoner-Wohlfarth SSK-ift 
14', ftSe^^lcmKWlCffi^ L 0 . 

sct^^ftriji), z<?>m*mttimmD<r>±m& 

[0 0 8 3] 4i3, J.-G.Zhu and H.N.Bertram: Journa 
I of Applied Physics, VOL.63,1988, pp.3248 l-(4, 

50 ISTL, ft^m&J3tm®.r-$Z>Z t3»*EI£^ftTV> 
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[oos4] *&m-mt2> {&ma£mm<r>m%n& 

I*:Hc/H k«" ain J bit. ffc&tiH c 

nmnumTr h k • ■ a • » r-fij o fctt-ra o , &A&<ne 

^p-jffi^ti^SS i -& S ^ * i - t Magnet i za t i o 
n Reversal Mechanism Evaluated by Rotational Hyste 
resis LossAnalysis for the Thin Film Media" Migaku 

Takahashi, T. Shi mat su, M.Suekane, M.Miyamura, K.Y 
amaguchi and H.Yamasaki: IEEE TRANSACTIONS ON MAGN 
ETICS, VOL.28, 1992, pp.3285 UTpSftT^&o 

[0 0S5] #ffeI8UJ3»t* i"gfilB«Jl*1iK u 
fl' ai "J bit, Ms tHk'"'" Off Srl/2 L Soffit? 

[0 0 8 6] *«WI-*J«t4ffl:R^ftfc L 

com £ Si* l 4- a* <b mmmm s n % m*m t , £i* 1 

1 fc*-r-7 hOBfri;@«L.T^/(> ? BRfe^ix^B#jhM 
*f*lf<9il«. l)(r*ci*S14a*l*v>fc*!>lB:=* hfcHtfl: 

fi* o XI* ft R £5e 4- * Ei§W±#1± i:gti4 «&# 

[0 0 8 7] (B«|ES*i*:0«jl*S) 
56AES*fltO«a^Sli, &ft±(^& < b i> 9 > r 

Tilt®, h <bfc<&3iH&14£WSa r , NI-X 

#£fif5£w&«(cin&i-&ift4!iai*It, «rE»f««5H 
££«fc ^iS^ETJ^H^Ufc^T, 8irE*#U**L.T K 
=? -i jl y ^ > /jast -!> IS D , £ 0\ mi E£fa-t ( ; 4> 
^<t^>^f>' ■> - KB * *tt»-it« 

$*4iss, < t *> 1 iiJ.iUifrfrih.a+iyj&a 

Xflt, flrBv- K«±l-lWE&«Tilll*SimE»» 
«r JK&Jttl * £ f&ftkaxg b , £ ^ Sr < £ *> 

[0 0 s s] tfc, mie^ramaifi^ trexsdr 

[0 0 8 9] ttTT-li, ±E«5l*j**««:+4«r&a 

iff, f>H«LaigJ3 «t yiiaaisco^Ta^i. 
[0090] (iwteaie) ^wi-ffi-siriaaie 

(±, JSKSrtUSttSrElIU BfJcOJtSK J T?1WESE 
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[0 0 9 1 ] fiKSiar^^iSECJ: h, gftf] 

f 5:5! I) i < C i^T'l i„ fit, £ft 

[0 0 9 2] 3fg<?)^«tLTI±, ffi*<0^ 

it««"C»ffl?ii.Tv»* 1 0- 7 Torr^OP|jf*^RT-« 

** x oSJSt « «b -til jft* f>#iSt1- ixtf , 
^Sl± 1 0- 9 Torr^WTt Ltz-H-tmt L^ 0 

[0093] jt/iL, ±E«rjaaxeuj:ii(/, gffci 
20 [0094] ffiymjLffikizmw 1 1 ±u*ffi-*#» 

ttoisj— ft»J» fi , ffejSi- 4 * BftaigoiSD t x 

[0095] ("fwuaaxe) *«wu«&4»M»ax 

gli, XiEU^ffijaaxeUJsit^SfS^KSRJ: «)* 
v»E*#HftUliu>-c, laofjailSlr^xitift 
i:^LTK7'fi7f >^Mit4ISD, SL>-\ frE 

^ttlCJimS-ii-'S.XS S , m<tU ittlfffcil 

[0 0 9 6] MEfBftaiSi 1 , XflDTiO-X 

Ltzm&ib LTiJ;v> 0 

[0 0 9 7] bIjEXSDO K7-fi7f>^iit LT 

^7^^/;, ^ffl 1 UitLTSSMEEfcep 
tJDi" 4 ¥S T * h , ^fr t5 s -7 -f X mfi t ft o Rl (C , 

■7-7 x t- ^ * L/c a r i>mw%m\~mm-tz> - 1 1- 

40 <fcoT, mrE^SP.^^afsUis^Ti^frl 1 <0^raX 

Uftx.T^it*05I&14*'X?:A r if* {zWt Ltz i> 
(Olrfflv^;!), iSJaffiX/*? J'-fficOft^O UiSitT.^'-y 
? J ^^-ft:^-' < 4 r x * enSD L 4~ * f n tti/Tc X/<7> 

[0 0 9 S] StEXSSO^v- KS 1 2 SrittSfS-e 

50 L-cii, 'im-tzmmMx-it, wxitziuzc 
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r iKittz9-V y l-fcffiw iS&«A r #Xi&A.L 
tzKm^X' 9 - Y > hlz^m.n.E.ZWmLX 9 ') 

T, BfS 6 4: 4 •>- K* 1 2 ZitmLtz 0 
[0 0 9 9] lft!ei*!0O£ft:Si®£6SS#H-f 

Ilrtuif l 1 c:cojffl:gart(-jgl: 

[0 10 0] :CfliS!S*^rffii'i(:^ 
7i f Wf#T- # h if x , 0ij x. li*B£St # x (c^f§it 2f X £ i££ 

[0 10 1] ±3$Lfc + |Hiaax«oa6-ti:i: LTIi, 

«i*i$a:b«, A=i*tt:<7)&ft-., B=ffiffl Lfc^lW. 

( 1 ) D sttfr : IgD-ISS 
(2) SDI*M8S-I8D 
( 3 ) D S 0«t# : I8D-I8S-IS0 
(4) SDOift:l8S-ISD-ISO 30 
( 5 ) DOSISfi:: IgD-ISO-IS S 
(6) D O S D«# : IfiD-ISO-IS S-I1D 
( 7 ) DOSDOifr: IiD-Ig 0 —X*l S — IS 
D-IgO 

[0102] '&m-tz>?kmmr-mmizm<<&i.*nz y ± 

Ml 1 4 rffZfcX'h 4. 
[0 10 3] fc/iU *«Wi:K4t"Bjaaigli» ± 

3 ocoi^f U J: 41BgiJ<oa*S: g *<r> 

&mt Lx&m&&Rm 1 4 *ttA-r*t&A&«>'hSft: 

tfmir -5)4-61*', IgDfclgS £XgO^"bfc£fl!iO 

[0104] (»i&axg) *nwi-«4tt»3iie 

H, ±&Lfc + M&3XgT-Bj£L7t->- K«±i;^« 
[0 10 5] *ieufc(t*&«Till!«i:5aSB1t&«* 
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CoCrTati?-y7l-r, -Hi-c:ilfSi,\ JS&g 
A r if**m7<-l-tz%-m%.X'9 -Yv hUfiifc^Et: 6(1 
traLtx/x-7 5"J//^v\ gffcl UlzCrlH 
4-5>£JpiTlt!i'ii:CoC r T aHW*<b«:43MB14&WB 

[0 10 6] fKi£i-^*te^JT-(i, ^Titkf OffMU 
(ICr^-r^hSr, HHett£*«OiBS:U(±C o C r 

mfe£mmm9-Y-y h t u-ciic og&ft^<b£&*t 

[0 10 7] *%9i-efflt»Tt»*H»lK<0«tfl:, -f&fc 
*>^fl:i 1 ±UC r ZiE.f&fri:-tZ>£mTftim 1 3 
LTC o*6-&*fc&&SMB&&WI 1 4^fM$itT 

Bl** (2 0 0) EfflU *0±i;3M81±&«« 1 4*^ 
e*#-/t«SU (110) g£|PJL£ri f <b*iii£i-& 
OT% ^STUfelfl 3<0@ B B a E[6]1tT-^cT3#.S*tt^:S 
is i 4 (owzfa&i &mz? & Z ttfX'&Z. ^t^< 
*p<bn-cv»-5o L^ot, *fiwi;^4Jtiaaxfi7j ? 

frfrti&fiScJUMlzti, - wx tf ? * •> ^fiKSA r AfiFU 

-5»*te^JT-(i, C<OKfJEE£l 0- 7 Torr^t L7t/4 ? , 
W^W^ttSSiPCT/'J P 9 7/0 1 0 9 2-f-S«iU 

ij ^ > -c l * , nc #f «r ffl v » X 1> $ 6 

{ZjXtmMtWm&'V* & 1 0- 9 Torr^WT<7)W)±«r* 
[0 10 8] (K5-fX7f *MWi:i4K 

RF (radio frequency, 13.56MHz) ] '^.Mfrbtcwl'S. 

fflvibW, C<7)^?i<75#ft(i, ^#1 l* ? jgmi4-C-4 

(±, ^#1 l oftiSici¥frr4#*«j9-*tt»ttoKt 
*4u»Ji*frl i^og?mos-*ttfSi±^^§et)i: 

i i o*ffi±u?g£$ft*s*i#o«RKRt*-rf« 

[0 10 9] fKii-r.5>^Jfe0iJT-(i, K7^X7f>^ffl 
A r *'X^H^cfilCg2a$n7L-^frl llCRF^ 
t)£&i1ja-t2>1ii£X'?T-?tzo *<r>^ A r **XJEI± 1 - 
4 0 [mTorr] L < , 0lJx.li*2 0 0 [W] <7)RF 

aSB#K<i 1-12 0 [t>] <75leH7>><b3i 

[0 110] crn-t^^x) ■$.5miz%2>-fv*:*if 
7.t LTIi, ff#ft«iOA r if* (/F$&ttig® : 5 
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[0111] (itm-ii«>'U Txentn) *«wui3it 
4 r«#i-ft*>/<-f Txeptmj ti±, J£§vIEIf i o 

UTC rTttRl 3 ^S*14Bi 1 4 

'? & . 2*t tenanLfc*^oii9**j: i)*&v» 

[0 112] LfrL, ±gE/<-f rxEPijpii, ^frifi^O 

1±7)^$5e(: *«£-4:#SS**± £ »< 4« 

[01131 ittMci 1^«0/<^TXQ1*DJ±, 

©*»S4tfc»14«lOte*UBiS!Sa (Ms) A s ftTt 

® )£ ( - , mm. fc mmu & » c t * #ssa** * . 
[oi 14] Lfc* ! ot, ±E/<'f rxepipfcfrfofc < 

[Oil 5j-CiiU*tLT, *«Wi:«4i8*EjSilt«! 
1 OOSilJSli, gftl Hzn<r);<-{ T x&VmZfifr 
fc < 3filK1££KV 1 4 fcWJat-i-aBttfcatM^ 

» 4 W T* , ±iE L 3F* ft- <> Hi U fc v > fc 1 » t f I] * *«* 
-2>o 

[0 1 16] (&«Tilll*3ll±SftJB1t&«*Sr5K*i-4 
«Bimw?i]it*^S) ft*, r^*TMi«l 3X(i?MS 
1 4 4r®*i-4fi£imaopiaHSlSJ l±, SMS 
14^11 4 co^fM-i oT(±, 1£®£)<0{I£;£;£-r& 

1 4 fl)4i|:Ta £#trC o£0#$K:«i, ±IE 
OpJjfK2J£7WB;v>i*£- (0Ux.lif, 1 0" 6 - 1 0" 7 To 

*»«i:«4-> - KH 1 2 
*S8E* l l 0- 7 [Torr] #0*«S(CT«14R 1 4 £)fc 
SL-Ci> «JS*0(SS:Tf±56fc , «:<, 3c5efc»Stf*13:«: 

[0 117] (^JKTlfteXJi^tt^JRISrBSi-^ 
r#co^frO«®iSK) **9iUii»t4 r^«Tilt*l 3 
X(i?Smi4£/|?Jf 1 4 £Bl£-f *Kt<9£i* 1 1 OSlSiS 

mi a. 1 4 *>trau«ff*r. 
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[0 1 1 S] 1 ±t;Klt/j->- KW 

1 2 (i, ^THkl 1 3 X (±5siE£14£JR1 1 4 £ffM1" 

;o f*: l 1 ±.li*%W<r>->- K1 1 2 ZW-tZZ fc let 

[0119] mw<r>mm®2, Ra) *«wu*jit4 

£{$i l <r> m raffiS i LTii, 1?iJx.ti*, 

NKTAYL0RH0BS0N t±SJTALYSTEP 75 f ffl^(b^4 0 
[0 12 0] *#**fltih*SP>ibEI<£«:H*&Lfc»6- 
20 . ^, -f<Oi*Oit^U(±, Jg^felt»ftl Otl^A, K 
<7)^®|n]±^S , .S 7 >'tIfii--i> (Contact Start Stop, 

cssti*^) o z<om. mn^ y Y<r>ykm*?mfk&%L<r> 

[0121] lot, *#: i 1 COLOSSUS, R a coffi:^: 
±iELJtg&fc, SSAESffifl: 1 0 Uit 

y Kcoj?±H* ? , 2 ^/ inchCOif ^-(i, R a = 6 nm- 8nm 

[0 12 2] L^L, 2blz&tZSmmit*®2>tz#>lz 
It, B«^» KOi?±fi (ESff^»^<:i-4BR. iS^ 

ft) *iO'h§<tM-5*%4. COSSCSxifc 
ftl^iis ES^EJi^.^ 1 0 (OmimiX 19 ¥tift-r £ C t 

40 [0 12 3] U:i*ct, afefrWfEfflas^J: '?/J-$4 

[0124] ^itUJ*LT. *lfeWUlft*->- KJi 1 2 
li, SIIfRa^TA (=0. 7nm) tt»-)S¥i*4- 
l±i:l5lt^*^T-^*3t*UlSffiL, -rO±(c^ 
^TJlkl 1 3 St>'?f.S£l4ft«e 1 4 £«JgLfc*f&HI?C) 

[0125] (-^x^-v&g) js^fe^a^i oicij 
50 ism it^6 i )bx-';*>ri~£z>li&. ttawiBD 
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^-7A££gffccD*§£-(4, «14WfcWJ8<-.fc42FajWS 
ffl?ittt'l), {9Jx.l4\ 7H> ;-->A^Sf*^Si: 
i^lt/c (N i — P ) RUitL-C, Wffllffl«5ifce***®»C 

[0 12 6] CJiWtLt, *5§H^T-(±, ±i£LfcJ: ; j 
A (=0. 7nm) ] ^*®(Ztt±lf^Sft:^ffl^-Ct^ 

[0 12 7] (&ft£»tSS) (3 2 4 li*»Wi:«*S6 
41I5S««0— «S:*i-«lflfBnia-C*i). B2 5ltB2 
5 {~ffiirm%&%i ; £m.<r>¥-Wimm-zt>Z>o zixh<r>m 
(4, *C|llWLfc*«WU«*J8lRES«tffl 0£&^ 
^T-*gJ&£n*::J>fc:.3.-*OHDD KfV X 

[ 0 1 2 S ] 024 (C^-f iiC fieatK»8B 307 
14, IMt'fy-->>?'3 l«rt»i:«Stt (12 4 

[ZTf-.-tmx'itbm <Dmm.tzmwj*i o^^^-^-3 2 

t^cSUX kf > 3 3 Hlfil^itTlxtt'bit-C^&o 
ifc, ^-->>^3 1 lZ(4ifflfEXfc*> K^3 3 0$*S:lt 

anfintfcti* 1 1 i> u, ^-->>^3 1 <o^sr>i;(4«rfe 

Xkf> KA-iHEfflO*-* (lEfiSC) 3 4A*SStt"c>n, 
#«*«ES«#: 1 0 fcf > K*- 3 3 C0UH 0 UUKSi 
fefc £itTv>& 0 

[0 12 9] b!TIE^--> > ^3 1 <0|*lSr>T-*oTmfS?gt 
&fE&i»#l OOfflSiCli, tt$lt3 5U<fcoT#ife 
Xfc?> Y)V2 3 fc^PfrU^JtSitfcllllEttS 6rt f fS:tt<b 
it, C<7)(sltett3 6 Utg$5c<0;W >?*7-A3 7^51 

ifcia 2 5i:^tJ:ii:, &x -f > **7- a 3 7 
ffi8tZ{±Hft««On- K7-A3 Sr^LTl^v K 

[0 13 0] Bft^y K3 9(4, mOlB^? K, * 
&v>(4MI GW.<r>m.%^v K, ££I4MI G^Ogt^ 

it -Cfc<9 , :«X7'f^ ! D-K7-A3 8 
OSfcJgffliffll I-KIt <b itfc v > > 4 o T?$14^# 
?ftTv>4, JS^-^v K3 9(4^.^ >^'7-A3 7 cof£ 
» t fc t UflftUEJMMt 1 0 ±Offi*Offi««-»» S it 

[0 13 1] ±K«l£*>l8$ttES£« 3 0(-£^T\ @ 
*IE&«fls:i 0 £ 1 <>U, X-C 

3 7«r»fb$*T»st^y K3 9 i mmmmw 1 o± 
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?3iE5l4£^li (SStKiiW) 1 4 tc^M^ y K3 9<D% 

± s-ttcmw v\*mz*tz>^t i o r-Vr 
so»**$& & mit'< 9 - > t l t#£ &tt z t &x- § 
£<, ifc, x>r >yr-uz 7 i®W$-*£xm&.^~s k 
3 9 £J8$a2f§iiffc 1 o±<ott*«o£fii:f£$i$-£-c& 

&KfS«# 1 0 oaHE5tt&«« (^leftl) 14^<b 

70 [0132] t ug^it$ft<osamfc«&£*T->« 

'Mt-fiil 4- ^b b b *S*> «b t#)S $ it T git fcJS«4*tt ^ * 
LT^-&4-'bt4\ ^S*tt^JKS 1 4 ££i-mttlHl02?Mf 

3 4 <0?A^§itT, 0iJxJ4\ 1 0 0t;4:ix.ilSv>!gS 
(CTJDI^ $ noofi $ it oti, afield 

0^tSttT-§^„ 

[0 13 3] HI 2 4 t(H2 5 ftUlfcBfl L 

^m*fE«^E 3 0 <ie5WE»««*>— HSr t OT- 

ja±ott*.oa-cA < , itcmmzizuzm^ y K3 

e>»i, x-f>^*r-A3 7<75B«^IEt6y7?t ! t>[lM(c^ 
i-^coicK^-f, 'J-rffitt^Ot, ^otwMoi 
tf)t*iAv^ t lit i ttt^^ 0 
iO [0134] 

f W * ? - i'L ^> Ml - PSte $ it « C t (4 4 

[0135] mmmi) : usmfc 

^UlJ-C(4, K7-fx 7 f> ^SSr^x. 

< .J: i 9 > /Xf >- Ke«rft4*cU*iffi? 

tt*v - KlS;A«i:*l?*4I8) ^<b4-l9, « 
ieXSD> miT.mS<OMlzftteivZ>®& (W*JH6U 

& 0 ) i:oi>tRWt*. C«l!37)Si:J:i), 
{Z'};t £ <ti>9>yz.T> (W) itttiStfcv- K 
€ i 15 1 1 & % m i if K1" 4 fc *^ , T T- 1 4 W O A (b 4' 

[0 13 6] *f|TK#ft8i:ffli>fcX^i/ ^^g(4, 
7^;U/<§^cov^-^ h D >X-"? y (S# I L C 3 

so o i 3 : n- Ko-/^5tSih*tiajffl) feron 
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[0 13 7] 





[Si] 

85 * fig 




Al-Mg^ lfl£i9l 0/imO (N i -P) £>o#3£ 
tt£ J 

8 9mm, T 4 ^^H^K 
r^^ftl, Ra : 7AWT 


• PJi$ 


1 O" 7 [Torr] tr^~ (£3? i: l>ffi IT) 
A r if : 5ppm VJ.T) 


• a r 


5 CM 
2 [mTorr] 
2 0 0 [VV] 
2 0 0 [t] 


• A r Ji*\£ 


W mm : 3N) 
5 [mTorr] 
2. 0 [A/80 
1 nm {f&Wm& 


♦ KDtfft 

• A r 

■ 


Cr : 3N) 

5 [mTorr] 

12.5 [A/FX 

1 Onm <j£0gi$f£.t«?*iU) 


• A rJJxfc 

• 


Co 78 Cr, T Ta- [at%] Ofej£ : 3N) 
5 [mTorr] 

15.0 [A/^>: 

l Onm Oi!H&a[£J:0JSm> 



[0 13 8] J-JLTC, *WO»ftEa«#«^«^rffi(c 

[0 13 9] HI 5(-(±, #tajUf*-2>£— OSiii 

£ a ffl LTlSCCiSi* * ftSi" * a&O&IS t 

(A 1 ) 1 t LT<±, n/W^2 5 mm/' 8 9 

mm, H£#*0. 8 0mm«f'-f^?f:KrLt7;i'5 

«O^S±l^(±, A^igCJ: 19 If? 1 0 ^ m<75 (N i 
-P) Bill 1 bfcKltfco Z<7> (N i — P ) BlOglffili 

«Sft5 lUI3:ttT*^[Bl.L.>R*c<O^IS4-^X (r-?* 
f 1 ^-) l±ftv^Tv»4-t>o ^fflT-fflt*/.: (Ni-P) 
1 1 bwaEHfflSli^^ftfflSR a #7 AJATT* 

(A2) JhfEgftl ffeJE-r*JSBl«>lWll, 
(A3) ±fe«Ofi*£&Srt { i^£'gffc 1 lr, X/<y* 

Lfc„ -^OJk, l»i:JtLT, #n^7>-7'T-2 0 0 
(A 4) tt&S (fX7f>^l) ftu, 50 



5ppmJa~F<7)A r #X SrigA L #"XJE£ 1 OmTorrt L£ 

I*ID) o f^ftli, *-XE^l2mTorr, epinm* 2 

0 0 W, MaNFH 5 & t LtZo 

(A 5) \-'ISft 1 &m<r>ffcm^.l 

1 ni, IMv^t'ut, 2 o o*C(:in^fSJ#L^o 

1IU 1 (±^fTUflJJg*^S*n 0- 7 Torr^iT- 

mvmmnt-rv v t ltu. w (as : 3 n) 

(A 6) lSII10ti:Ar*'XfiALffiill«*' 

W?-yyHiX/?7??ii, y-/7 FtfffL 
T*t|nii-4tefi(-**36f*:i l<o^S±u, ffimaa^ 
<b#iti L tzmMtf 1 n mOA«W* <b U 2> > - KS 1 2 

zj&mitz (+miaai«oias) . 

(A 7) *RSl34»e>&«T«!*f**fflOSfcilS2U, 
(±, fWv^fUT, 2 0 0t:ujD»ilSJ*L/Co 11 

l, f&mm.2ii.mmr-mmn£ixtfi o- 7 Torr^*T-w 
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mm<r>9-Yv r- t LTIi, C r (*fcK : 3N) 

(AS) l£ffllS2<7>4M:A r if?.Zi&XLl8.mn2<Oif 
*E£5mTorrt Lfc&> C r 9-Yv YiZ&fiMM.fr 

h Rff^omE i en*n l -c ^7 x-? z %± s * <om 

C r 9-Yy M±*'*y hiffi 

3 t Ltmmi 0 nmOC r (»«llg 
O^TJfeS^^fiS:) o 

(A9) CriiiSLfci, *BIS2 *»e>afiS14&« 70 
IfPfSffiO/Siim 3 iffBOg#+ * V L 
fco fM»L«:tt<>«fl:i 1<±> IMf^UT, 2 0 
Ot^in&MfcitLfco iSL, >SHIg3(±*lHri-3$tJl£ 
l£ri*l 0- 7 Torr£2-C-#WvLT£>lK HrfBOftflt** ^ 

78at%Co, 17at%Cr, 5 a t%Ta7i>b4' 
4&4)'-y yl- (£&£ : 3N) Srfflv>*: 0 
(A10) GStUgScO^CA r **X^jf A L fiEHS 3 «0 # 
XE^5mTorri Lfcft, C o C r T a 9 -Y v H:f 20 

t>0f^O1SlE £ Win LT "T 7 X?fM £ •£ 
fc« -^<0*§flK C o C r T a 9-Yv hltX/<y 9 £ 

it, 9-Y-J Y t¥-ft Lrj+ifi]-r-2>eet;**c riW 

#£#<0«?®Jit;, 3K&1£&ff* 1 4 t LTBUI? 1 0 n 
mOCoCrTal^MLfc (&&JIIfIOfMS14# 

(All) CoNiCrlS:i*U«, JjiBtS3 rt'&jR 

WOffiLfco -JO 

[0 14 0] JitEie (AD - (All) i:<fc l), 1t# 
f&WA 1 /N i P/W/C r/CoCrT a ri> <b 4" * 1& 
jRSBStttflt [WTTMiKfl-a (W) btyft-t&o ] Of* 

e> 4 -6 •> - KH * m x. tzmfoX-h & . 
[0141] (ftMlffi 2 ) *^J-C(±, 1 WW?- 

HCftx-T, v- K5JMfflO?-rv H t LtW 
28Cr?2^i : 3N) £fflv>. flk<0*(±*J£ffl 1 

fc|5J&fc LT, «««*«A 1 /N i P/WC r/Cr/ 
CoCrTa*()4i B&*lIE&flM* [ T* (i Rft <r 40 
(WCr) tWfo-tZo ] frfEHL*:. -f4*>*>, *m 
X'itW L fcttMfcli , W C r <b 4' 4 > - KJg 4: 11 z. 

^•<07CS<0Jt$^S+-% (a t%) TSELfctWT* 

[0142] (itnW 1 ) *PUTti, fgtfeft 1 O v - K 

**Kctr, mvgMmmm 1 tnwtLT, 

Al/Ni P/C r /C o C r T a ;J><i> 4 

mrx-imfta (&) t^-r^o ] tf*« 

LtCo 50 
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[0143] <jt«09 2 ) *«-c(i. mmm 1 oatw 

>- KJfiOftfcOU, ¥ffi4~ -X7C«cW>- Kl'rfS: 
It, itfiO.fi 1 t HOtti LT. «flHSA*A 1 /N 
i P/W/C r/CoCr TajJ'fiiSBJiESift 
[WTTfiKfU (Wf) tDff4:-f4 0 ] tftRLfc. 
-eoFS. W>- Ke<0JSIl?l±5 nmiLt. 

[0144] Utttm 3 ) *0lJT-i±, ^tfeffl 1 OW 9 - 
Y-j H;ftx.T, ->- Kirfft'i>?-r'y h t LT 
Cr ($€S: 3N) ML<?>$.ltnmm 1 t 

LT, HfJ&^A 1 /N i P/C r/Cr/CodT 
ai^iilKEIW [WTT-ima (Cr) £0* 
frtSo ] Srf^LTto 

[0145] H2ji, mmm\<nmm^^m~a^ 

T, *ft:i UCWv-Kil 2 ZJ&l&Ltzfk* W>- 
1 2 ff>fm* •>- 1 2 co±^r «t 19 ^Sm^RfS 
It (SEM) -eHiULfcWC**, -^SJ: 1 ), W 
->- KJi 1 2 (i. ZL^7cW=t¥iHBIT-l±4- < , «BfWU 
Aft L /jB«3&» <b 4 * S-KmT** ?.:tfflib*>U-c 

[0 14 6] S3-7(±, *§§^(;i^4»-o^ii^ft 
i:i iJft«Lfc«t«:o3fe5Stt&«« 1 4 <o?ek£;s;§s 
^BHttfll (T EM) TttflB (f&Sp: S 5^«F) LfcTE 
M«^e>, 1 4 ^«fifei-4Sit4*g B B H ©^0 

3 ii»«w->- vm*®ift2&ft. [mmm i 

(W) ] , H14 li^ttOWC r KBSrKlt/c^ 
2 oWfl- « (WCr) ] , H5li->- K1?!r* 
v»(S6*«tff [Jt«W 1 ©Wft « (» ] , @6(±¥ffl4 
- W •> — KB £ Kit [ JtRW 2 oM« « 

(Wf)] , 0 7(ifttt<OC r KVfcttit&tttt 
[ttKfl3 0Kft« (Cr) ] , <0tt*4r-f-fL-rix* 

[0147]HI3-7J;0, aTO*i s l Wio 
^fr (13 3) (±, ->-KS<?)*v>ffi*ift (115) UJt 

^ t , &M\t&mm i mnz-t z mam a *>© g cos 

®g«OWv- KiCC r fciSfcDL (14) U 
«t# (0 6) (i, •>- K«0*v>{6*»fl: (115) ± 

7C#0¥t!m^<b£-5>W->- K»«reitfc«t# (96) 

G>ttz> ±15®<0(«|fi](±ft«(7)C r >- KWSrKltfcttE 
(i7) -C(4A*>ii4v». 

*2i±, ±aLfcTEMBta«oaiH* , 'b**Jt, 
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e+ff)fJ^tid [n 
m] . &1£&A&?*>1*igfflfg a [nm] , SinStta 

&SjHtC.V. grain. SrftKftw J: US**!**"?* 



£ »a Bf t <o set tsjs a m t n p# < : i s«t l t . 

[0 14 8] 

im2) 

















d[nm] 


a [nm] 


C.V.grain 


HcfkOe] 


AMl%/« 


a (W) 


9. 8 


3.2 3 


0.3 3 


1.50 


8. 7 


a (WCr) 


9. 5 


3. 10 


0. 3 3 


1.48 


8. 5 


a («S) 


10.8 


3.6 8 


0. 34 


1.53 


1 0. 7 


Q (Wf) 


11.5 


3. 6 7 


0.3 2 


1.50 


1 0. 6 


a (Cr) 


1 0. 6 


3.5 1 


0. 3 3 


1.55 


1 0. 6 



[0 14 9] f 2*'f>, HTWMi^^tioit. 
[« (W) ] (i, y- KS*)*i'^*«# U 

ZZtltZ^o lit, fSg^-tiC.V.grainlCli^ft^m 

®W->- KIBUC r *iSUPLfc»* U (WCr) ] (C 

¥ffi&--*7c4*«OW>- K«4:»ltJtBtfr [a 
(Wf) ] t?(±, ^fi(ld7i J ->- vm<r>m^'lit^MW 
[,3 (ft) ] iOlfiDL. DHUAIIff fttS^ftCV.gr 
ainli^ftfc < > »9BitWSft*AMUMLT<>a:* 

Jfcttfl: [« (Cr) ] •C(45fek , fte>ilit»o 

1-&=b*>. K9 ^ y^>^&g£i& 1 1±U 
^fc < t *> 9 >y*7- >- KB 1 2 

UJtfltStffcffc, v- KB 1 2±i:4STil!ii 1 3 50"' 
»m&£ftB 1 4 «rJH**t»£-tir*:fri£Srffl^*;:i:U 
«fc <9 . 1 1 ±K*«Rt LTi3:ltfc^& <ttW* 
•si'Sv-Kil 2(1, Co ?:5stfMfe#Jp%B 1 4 cO$£& 
BE|6j1±*«l]9fl-t* C r 1 3 CO$g B B B Br2[6]145r 

Pfl«1-£Ci:&'<U *0±U»>K$n4£«TiBBl 3 

l 3<r>m^lL^-<r>^1tiiytzh U lcttf<o±i:l 40 
JftSit4BHB1£&«B 1 4 £«*-r«1814«hR*fc?-«>3p 



[0 15 0] f Lt, ;i<0$)*<±, #Jp?TH!iB 1 3<om 

m^tmmt lt mijt-tz&MM&mm 1 4 oewfrg 

&JRT*B1 3 OftW*3flS14ftRB 1 4<0 

mm i i ft uKW-SEH-e # & t fij.s * *> t t> 

[0 15 1] ioT. *«WU«4i|S— OSa*E»«#: 
OR3*Si: ifttf, iftffitt&RB 1 4 *«SEi"4«tt 

i~mmx- ^<ot% »#Kitco i aK4w>ai 

it 7 >f 4 0 
[0 15 2] (HJSP9 3) : SDlft 

KB±U£*TflfcBSira88tt£«B*JIV** 
« £ * 4 ft, .+ *> *> K fifc 4 + 

I8D (g#(-itLT K^-xv^v^&S-f 4Ifl) 

i:^i<i^>yxt> (W) rttt46t-/-K 
m i Sit 4 ^ i ItU-f htzib, WTfliW^Aji'ibi' 

[0 15 3] 4:M-rttflcftK(:ffl(r^^/«-9r^iSEatt. 

BSI£f*-CNfc&o 
[0154] 
[«3] 
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8 £ ffc 




A 1 -M g ^ m& l Ovmn (N i -P) ^o£F£ 
zrfX^ + ms Ra : 7A^h' 


©To J 


1 0 7 [Torr] tJ^T (£££t»l*Ji:) 


• A r #;*B: 


W mm. : 3N) 

5 fmTorrl 

2. 0 [A/*>] 

0. 5nm 0£BHE££9£»tt) 




1 0 

fi 0 [W] 

200 Ctr] 


• A r #*1£ 

• HSIS 


Cr (tC[S : 3 N) 

5 l_miorrj 

12.5 [A/ffr] 

1 Onm («MJ:^W) 


• A r #*JE 
• 


Co 7e Cr l7 Ta 5 [at%] CMK : 3N) 

5 [raTorr] 

15.0 [A/#] 

1 Onm (riU3£&J:«9|lffl> 



[0 15 5] BlTU, ^^Jco^fSl^fro^^^riii^ 

[0 15 6] &ib\ [H 16 1:14, *f?lJ(-{£& ISXO^t 

(B 1 ) *#1 1 i: Ltlt n/W&tf2 5 mm/ 8 9 
mm, /?£t!> ? 0. 8 0 mmCOrW X^Bfr;* L/:TiK 
-^A^tMl 1 a ^r^u^A^ts 
«*>3tra±U<i, *!)o #ffiU<t Off S 1 0 ^ m<7) (N i 
-P) BUI 1 b£f£tt*:o (N i -P) lOSIli 

(4tt^Tl*fc^o #0OT-ffi^fc (N i -P) Si 
1 1 bOSM?(i¥^Wit^R art* 7 AWT^* 

(B2) ±f£gf*l lU*tLT, f&iE^&^OlftU, 
fflHtn is J: Wt^ffJ U <fc h ftiMiaL S VttJRft 

(B3) _tf£<7)^z;^^S^v^^^f 1 1%-; 

T\ 5»WOJoa«LaS:tTofc (l»»llfi) o 
(B4) ft&£**->- Kii^S*fflOfi!cJ!imi S5K 50 



#W»^>-/ut, 2 o oruin»«J#L/w 0 fflu j£ 
MiiUMKuawaa!*! o- 7 Torr^3:T^^LT 

(7)^-^7 h t Ltii, W : 3 N) Srfflufco 

(B5) «I1 1 <7)4>C A r ^fA LSII 1 O*" 
xEr 5mTorri: Lfcfg, W9-Yv blZ&ffi.&mfrh 

* Sit, 9—¥v V £Wr L 

1 (*IB«L3IX80Xes) 0 

(B6) ttRftla»^tt&tt «X7f>yt) bu 

ii, *n^7>7-(cr, 2 o oruinjft«J#L?to 

1 OmTorr^: L^fS, 1 2U*tLTRF« 

^5 mTorr, ^SNf^I 0f>^ L/Co 

(B7) iy^>^S*^&JKTilb*flP«ffl^)«:lRS2 

1 1(4, #^^>7 e UT, 2 0 OrUipgLffiifL/Jo 
tit, flc«IM2(i*lttlIfl]3l*^JS* t l 0- 7 Torr-^4T' 
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mm\*mm<r>9-¥v v t irii, cr (^g: 3ni 

(B8) «I2(7)t(:A r **XSr2f AL*SIS2 0^ 
*EE£ 5mTorr £ L^fx, C r * — ¥v h iZJg.ifcV,Mfr 

3tLTWlOnmOCrliB«U (ttKSIS 

&9hLtz'&i>m*i nt, 20 
0 tUfl0&f£J$L£ o lit, J&SHg 3 (i¥#n~PJ5tK£ 
JS**1 0-Mbrr£*T>SMKLT*«K 1ME*>ttff* ^ 

78a t%Co, 1 7 a t % C r , 5 a t % T a ri^b £ 
£££*-^yb (£fcK:3N) Srffl^fco 
(BIO) «|3^i:A r if**mXLtiZWkm.3<Oif 
XE^ 5mTorr t L/jfs, C o C r T a ? v h Cl 

-f-OSS*. C o C r T a Hi*/<* 

ISftoSIii:, SMBtt&M 1 4 <h LTjjf|J¥ 1 0 n 
mOCoCrTairML/: (f£&3Xg«05£©tt£ 

(BID C oN i C ri^SLWi «HRM3^^flX 

[0 15 7] ±f£X*I (B 1 ) - (BID UJ: 0, f« 
j£**A 1 /N i P/W/C r /C o C r T a A»?>4*B 
ACIMttt [JUT-CtttttM (W) i:l*ft1-*o ] Of* 

■ettii L/:i2 c^tw > - vm t ra«^*«"e*& c 

[0159] (^ifctfO 4 ) ^fljtrli. **fe#J 3 OW* - 

s^Crn^i (^S : 3N) Srfflv^ «JOjft(±||tfcW3 
iPWi Lt, JB*j£**A 1 /N i P/WC r/C r/ 
C o C r T a [WTT* 

(WCr) t -6 0 ] ^f^lSL^o + 
T-ftRLfciKfrtt, WC r KS^fiix. 

(a t %) -egEL/jtOT** 



(18) 1?H2 0 0 1 - 5 2 3 3 0 

•7 

<D o 

[0160] (JtttW 4 ) *PUT-(i. mifcffl 3 <0 >- K 
Al/Ni P/C r/C o C r T a 7»>tb&&i£5fcOS3^ 
L tZo 

[ 0 1 6 1 j 5 ) #ffl-c-(i, ^jftCT 3 oi«w 
it, mo *<±hmct 3 tnwt it, mm®.** a 1 /n 

70 i P/W/C r/C o C r T a frh tt Z> EBSlI TM&ifc 
[UTT-liMfU (Wf) fcD*#.-t*o ] Srft^Lfco 

[0162] (Jt«ffl)6) #08T-ii, *i&0U3WW*- 
y-/ Hc-ftx-T. >- K1£ffM-f & v h t LT 

Cr (Itlg: 3N) fclflu, fl!l<0 *(i*ife0l) 3 t PW< t 
Lt, JfflME**A 1 /N i P/C r/C r/C o C r T 
a*fb&-*&3vfiEfi8M* [WTTIii^fl-/? (Cr) ttf 

[0163] m 8-121*, *«gj( . is a m-tomm^m 

20 iz X 19 ftm l fc*#:tf>5*SB14&JR* 1 4 OS® S-j^iSm 
l-mm* (T EM) T-KiM (1S¥: 8 5 7J1S) LfcTE 
M«3»"b, ?JiSi14#S«l 4 tmfel- 

8 (**.1*<75W •> - K* S: ttttfc*# [*M^lJ 3 <F>mA,3 
(W) ] , 19 iiW^WC r v - KitUltTilft 

[**££fl so^/j (wcr) ] , iaio(i->- vm*m 

V»ft«i|tflE [M4«^,3 (*) ] , HlKiTlflft 
- *7CttO W -> — K«4rtttlt fc«t# [ Jt «W 5 <DUm ,3 
(Wf) ] , 012»±S«OC r v- K**»(t7t«tf*: 
50 [Jt««6 0K»y9 (Cr) ] , iX^filT?- 

[0 16 4] d8^12J; I), &mW16*tio 

- KSWiv>Mifl: (1110) CJt^T, 

topple »«ow->- K**M«tfc«t# (m 

40 ©W->- KB(-C r 5rj35*PL7tt#^- (19) C(±, ±15 

■>- KSoiv^Sift (1310) izit^r, z: 
*5c«03FfflK*»6 4-*W->- K««rE«tfcHfl: (Hi 

1) r-(±, ^ B Q B *2go^#^$S B B B ^<7)iii^^Fi^i- 

# (HID c;i±, ±.$i®<o®%l±fLbix%^ 0 
®>- K*0*tt>e6*«Eft: (H10) i;ifc-<T, mtiiWC 
r •>- K«*K«t/t«E» (H12) T'(±, ®iS14#JKe€r 

50 wa-rimisaae^ii. aAes<o/h*v»afie?-o 
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I 0 1 6 5 ] S? 4 14 , ±JE LtcTE MHftftOttffl *' h 
Kjflgd [nm] . StefcAeT-Ol* OIAH « [n 



36 



■■ T-fiJ o fctt-C* SSrgfl-IRC. V. gra i n, £ &Kftr i C 
fa#>tzm$kX'*>Z> 0 i/;S4i:ii, V S M-C-i"S]5E L^S- 
[0 16 6] 
[f*4] 















d [nm] 


g [nm] 


C.V.grain 


Hc[kOe] 


/3 (W) 


8. 0 


2 . 5 2 


0. 3 2 


1 . 4 9 


13 (wCr) 


7 . 7 


2 . 3 4 


0. 3 0 


1 . 5 0 


£ (M) 


10. 8 


3. 6 8 


0. 3 4 


1 . 5 3 


fi (W f ) 


10.7 


3 . 8 2 


0 . 3 6 


1 . 4 7 


0 (Cr) 


11.0 


3. 8 2 


0. 3 5 


1 . 4 7 



[0 16 7] m4frb. lamSfflis^ti-o/:. 
©g($ t #KTH!i^ t <r> Mi:^W-> - KB £ 13:1 1 ^ 
[,3 (W) ] (4, y-KSroisvWJ [,.? 

(ft) ] uit^r, <&®t£«£fi© 

L, rt>o, egS-fjcC.V.grainii^-i-^o CKOlllS] 

ft*fflv»7t»* (Hifeffl i ) x <o m < a<t*« 20 

©W>- KSUC r SriSSnL [,3 (WCr) ] U 
(4, ±ie®<7)(«fS]7!i f iff (-54* <9 , •>- KJK0ft^fi£*j& 

* [,.3 (&) ] iztt^x 3 o%mm^z*w-mmm 

■t * Ktefcfltt?-* *> 4 * »«Btt&«« "b it 4 o 
©■UlUttLT, ¥4H 4- ZL^7Ctt O W v - KSfcKIt/.: 
ffllf* [/3 (Wf) ] -CI4, fmrdCfv-Ki^ft^ 

[,3 (ft) ] iraesfc***, 

jM*C.V.grain(i*f*nU «*)H c t«Tftv>Ck* 
<3>-U. W •> - K<5 i:Cri i^Sn L £*§ £ [ /? (Cr ) ] JO 

ui4, ±fe©t(4j£<o*irfj], t^b*>^esd, mm 

ffi^ a a Utt& SlfcC. V. gra i nffi&xmRt & WW *** 

•*-&*>*>, flft**"X**«l^i-«afett:l 1 OfElLtCl^fc 
< t ? >nt >^tt4v- KB 1 2 **«IC16 
■&(-•>- KJ§ 1 2 0S?®U*tLT K5-fx-;f 
>>fV&MZ'\i< s tz'&. ■>- KH 1 2±U#STMili 1 3 
RiraSBte&R* 1 4 4«:>:lt*S-*4^ft*fflv^4- 

0{8'hfcft.1*W->- Kfl 1 2 ££l£l 1 ±(-ff^fifeT-#^. 
Of, -t<o±(c«*jtfl S*fc4*TlW 1 3&r>'?M* 

[0 16 8] »-<7)f*^ISfii«f*:«0^ji^rfti:i 

in*, »i&i±&jR* 1 4 zffii$.-ti>m\i%iik&=F<r>¥t!j 

gid. HMIflia* aOfeSj^CV.grainO^TSrn 

fiwt LT«tti-«3*ueitA«« 1 4 <?>mmim%.-tz> 

Zt<£<. >- h*m 1 2<OftWt&V$l~£iX<nA.$k%lV 50 



If, »fi£1£&fl(« 1 4 4«^i-^Sjtt$S B B B ^coBSt4 
ft(ci-^> c t < , &«T«j* 1 3 <oHW*Bite14£K 

-So 

[0 1 6 9] (»!5) : DSOift 
^0UT-(4, tif)104>m«liIS«t, $«bU£#4 

wwuftitmraiw. itiD, iss. iso 

<r>mizi7ioix2>tM y g (11**9 UWt : WT-e(iJfS=o 

[0 1 7 0] fc±5, HI 7(C(±, *0Jtc^i>S»=«OS!ji 

[0 1 7 1] ^0lJT-(4, ±EI80 t LT, TiiSmi*! 
43 X 1 0- 9 TorriT-MEf&, S5?^*"^42f7vL, IX 
1 0" 7 TorrC7)MI±^H^tCJoV>T^1g«®4Bl^r*3 5 

[0172] ::t, rL : ?>yu7j n^mn 

S<0^T*afel9, 0 LlilS^fli'L, 1L (41X10 
- 7 TorrT" 1 0fcN9#IS, 1. 5 L (4 1 X 1 0 " 7 Tor rf 1 
5t><0^ff, 3. 5 L<4 1 X 1 0- 7 Torr-C3 5f><7)SJI 
UffiStio lLICOt^T, 1 X 1 0- 6 Torrfl 

tPO«J|T-t 1 X 1 0- 7 TorrT-l 0 t><7)*j| t ^flfc* 

ftt*z>tf, i &r-(4|tj5^H^gi- gx&mmm^ 

1 0- 7 TorrT*^?SB#r B 13 5 U» t ~t h Z t iZ X o T#J|* 
f*4 3. 5LiU, 
[0 17 3] AffcftlHi, X@ (A6) tig (A7) 
t<3Bi:*OIg (C5-1) - (C5-3) 4ilSDL 

<c 5 - 1 ) figsis i ^"bKSftftffloaast-, mi 

ff)&fc*)Hr-Z&$))Ltz 0 mbLtz'&i>&W\ 1(4, 
#»»?>-ri:t, 2 o 0TC(-in}fe«i#Lfc. fit, jffl 
mmtmmizmmmmm^ i o-norr^iT-^LTd? 
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37 

(C 5 - 2) SaSSft-M^ft^Stf^jSAU 1 

st- 3 5 tmmnttz [mi 7 (c) — m ] . 

(C5-3) g£S#'*< 7 >2SA£f?ll-.L. SaSSWPJitg 
£J££1 0- 9 Torr££T-#WU&, MSS^ fj-feJKTltkH 

ft$km<o&imm2 u, i»Eo£fl:*j-u* r -«:£»Lfc. 

[0 1 7 4] fcfc'U ±E«S*ffi-C(iv- KitLt 
WCrIrlv>jt 0 i-Ji:*)*), *ife#J 2 fc PWU, Hife ;o 

v Y£ LTWzsC r72^i : 3 N) Srfflv>/c 0 

[0175] nfco *j±*iswi i tiwutt Lt, nfiiis:** 

Al/Ni P/WC r/Cr/CoCrT a-$-<b4&& 
KEfW-ffc [ttTfliKfty (DSO) tOffr-f^o ] 

[0 1 7 6] (?gffi0|6) : SDOtSM* 
#f?UT-l4, *lSWI3 0 + M*aiSO», ?"btc^#r 
»f 5e OfflE«# B ^ U » +ie 0 «: ff o fc» * , i" «: *> 
*«W(-«4t> M*3I«j»«, ISS. ISD, ISO 20 
<r>m-'fr*>tiZ>m'k (tt*JSl 0 : JUT T- 1 4 £08 

[0 17 7] fcis, 0 1 S IH4, *W::GSi££Gg<0$?j§ 

[0 17 8] ::t, lIEIgOt LTIi, *Jfe0!l5 t 

n*] L&g^tt, i"4-*>*> n&sMi*)^ 3 x 1 o-nor-i 

Ti&Efx, 6£S#'*£2f XL, 1 X 1 0- 7 Torr<DimGE3£ 
li^(Ciii>T£*S?EiIi£g£ST-3 5#W#JS-t4toa^ 50 
ft (B£S#f5fi3. 5L<?)illI») J *flj<y>Jt„ 
[0 17 9] #U$fi«jU»4, IS (B6) tig (B7) 
b<r>m-'k<VJM (C6-1) - (C6-3) £ii7JDL 

(C6-D x.yr'synfrb&mBnmn&mw.i-* 

14, #M7>-/i:t, 2 0 OtUSDftfSjtLfco 11 
L, &JlSli**ri::flJ£Jl'£j£jJ*l 0- 9 Torr^iT-flm 

tlffiasoHic** h-r/oi-yatuctzo 40 

(C 6- 2) to3Sl*r^£fi^6£f§*'x&gAU 1 
X 1 O^TorrOME^H^Ufe^Tgftl 1 OUnarBS 
ST* 3 5 &W*J1 Lfc [1 1 8 ( c ) — ( d ) ] o 

(C6-3) ®.mif*<Oi&KiWstL, StSM^PJiSK 
Mrl 0-norr-^lET-Smfs, *iaa*-<b&*Tflfe» 
lfi?ffl<0)S(lia2 *E«>****y-t»ftLfc. 

[0 18 0] fcfc'L, ±Ef?5fi*STi±>- KitLt 

wcrii^o i-£*>*>> nmm* tnm~. nm 

■/ Y t LTW28C r72£-#-(&K : 3N) £fl§v>fc«, 50 
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[0181] WlO.AllfttlSPI 3 t|B|«4: LT. 
Al/Ni P/WC r/Cr/CoCrTai'^'^E 
StEIS&f* [WTT-ti&tfly (SDO) ttyfc-t2> 0 ] 

[0 1 8 2] (USttSffl 7 ) 1 DOSi# 
$ffiJT-(i, fiiSffl 1 04>(lfl$!i3lIS&fll*£1-&ISD 
ISS fcOWU, afeftSrSf^Offi3RirH»l-*-*-X«IO 

IfiD, ISO, lesoJBU-ff-bii** & (IMtJll 

fr.-f &o ) U-^TSft9H-.|>o 
[0 1 8 3] HI 9U(4, TW-f£&£S<7>f?:ii 

*s s: affl l r eAiafWKfi: «• auk-*- & *§ t 

[0184] ZZX\ ±EISO t LTI4, mMM 5 t 

mtMiM, -r^-b*, n&ssr*)* 3 x 1 o-norri 

T'i£Ef&, B£S***?-#AL, 1 X 1 0- 7 Torr<7>ME# 
HfUCiJ t > ■cafe«*W 4: 8SST 3 5 * 4aS£ 

ft (Ks#?ift3. 5Loai^ft) j im^fc* 

[0 1 8 5] *#fl||i:ii, IS (A 4) £IS (A 5) 
tOPI|i:*«)I8 (C7-1) - (C7-3) £j£JjnL 

(C7-D x.y*> rm.fr "bffitSSSflioMasc. 

14, *^7>yi:T, 2 0 0tC»!fL/:o it 

l, aa2[tt**ui«a*^)t3i*i o-no-r-eriT-sMa 

(C 7 -2 ) ^aSrt^^fiOBStS^XSr^AL, 1 
x l 0" 7 TorrO«E£ffl$lUJ3v>T£tel 1 <75ft®-rS£ 
ST 3 5&NHMIL*: [El 9 (b) — (c) ] • 

(C7-3) KS#*tOzflCA£f?lLL, MaM^PJilX 
1 0- 9 Torr£iT-#IM, MI*^->- KBf^ 
lffl<OSII] BffEO^fr.-J-^^-arf^L^o 

[0 1 S 6] itCL, ±ES*it^i*T*(4->- Y*mt LT 

mi (OVtf-r-y KcftxT, •>- Y'mWtJ8.m<r>9 -¥ 
v Y t LTW28 C 1-72^-^ ($i£EE : 3 N) 5rfflv>/; 0 
[0 1 S 7] imoAlifcttW 1 LT, 
Al/Ni P/WCr/Cr/CoCrTaH«I 
^E^«l* [ttT"CttR»y (DOS) ttyfo-th 0 ] 

[ 0 1 8 S ] («t£f>U 8 ) : D O S D»f$^0]JT-(4, ^ 
*«10 + HftlI8*flHSt4I8DJ:I8Sl:«)lll 

ipfi^mm^m^zm-rxmo^n o 1 1 tu, is 

S o»r»SI8 D ^ If -j -f 4- to*.*«!9i:tl4 
flUfiUS^ I8D, XflO, ISS, ISD<0NS 
izftfrix2,i§,£ (W*Jli 2icitit- : iaTT-(4»7 t -osa 
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[0 1 S 9] 4'±>\ 12 0i:ii> *W\~%h%Ji<r>Vkm 

[oi9 0] ±Eigot Ltii, ^ife^as t 

(aiuMa^ft. -f riaaart* 3 x i o-norrt 

"CME^ SSfR**x£29AU 1 X 1 0- 7 TorrOME# 
[0191] AffclflUli, Ifi (A 4 ) fcXg (A 5) JO 

torau&oxg (cs-n - <cs-3) zmm-t 

ZttblZ, Iff (A 6) tig (A 7) fcOHC&O 
Xg (C8-4) - (C8-6) £i£*DLfco 

(cs-i) ^•7^->i''m^ , bffiE^Jiffl^5a : asi;> 

li, #*H»9>"/I=-C, 2 0 OTUtPJBiftfifLfco ifi 

l, &mm.iimmr-mmm£:&v i o-»Torr6i-c»MK 

(C8-2) MSSft^Sefi^HMfctfxSr&AU 1 20 
XI 0- 7 TorrCOMEE??ffl^t-i3V^T36ft:l 1 <7>SIK£S£ 
3 5 &|U) ftfE Lt[S2 0 (b)-(c)]. 

(C8-3) g£3£2fXOzgA£f£iLU feSM^PJii* 
£S£l 0- 9 TorrT=?iT-#M^ «LSS*"b K«f* 
^fflcOfifemS 1 U, HuEWfti**^ tr-Z&WlLtZo 

(C8-4) •>- Ki 1 2 S-BS LfcSKf H>t>x 7 

(cs-5) j^vi->ym.Pa^ ^>a»ss#5ppmj.;i 

T<OA r tfX^fXLA'XE?: 1 OmTorrt Lfcfs, ft 
#1 1 ICftLTR F 11(^^56 <7)mE££P7jnU fti* JO 
$I?:K7'fX7f >/L/; [12 0 (d) — 
(e) ] o -e^&ftli, #'*E:fr 2mTorr, SDlgt) 2 

oow, t&mmffi 5&tL t: 0 
(cs-6) ^ -y * > y^wfc., ^ y rm.fr 

Ltz 0 

[0 19 2] fc«L. ±IB^it^yiT-(± v-KltLT 

* h i LTW 28 C r?2££ : 3N) $rffit>?t 0 40 

[0 19 3] illlO AliHifetaJ 1 tm«t LT, 
Al/Ni P/WC r/C r/C o C r T afrbb&m 

xxsmmw [UTx-imm-y (dosd> tvwt-t 

[0 19 4] (Hifc0d9) :DOSDOi.# 

ifistnmi:, ftf**^^^as#^H*t:i»-rxgo 

ill 0 b ISSOSTffglSDilgOSrIK 
8D. IgO, IIS, IiD, IgO«)*i:fffcfti 50 
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*&£ (1***1 3 (c*t)S : WTT-(i^o&SO££li*ft 
[01 95] E12 1 U(±, *tfiJUf&£§&-fc<OS?;i 

[0 19 6] ±f£XgOt LTIi. *Jfi0J 5 t 

n taa^ft, r&asi*)^3 x 1 o-norrj 

T-itEfx, SSf^'X^gAU 1 X 1 0- 7 TorrO«E^ 

a ^ t : a «, » r ft fcmm z was x 3 5 &m mm -r z> Mii 
ft (K«*ji*3. sL^ias^ft) j zm^tzo 

[0 19 7] AffWCUi, II (A 4 ) tIS (A 5) 

koBc*«>ia (C9-D - (C9-3) riiip-r 

itHU, XS (A 6) tJLm (A 7) ^OflJlc&O 
1*1 (C9-4) - (C9-S) SrjtiroLfco 
(C9-1) J.-y^->rS34><b®^*lifflOfiLagl-, 

(i, #Wtv>7'ICT, 2 0 0"CU*D?*1*^fL^o ifi 
U ^a^(i*BlTi;?lJ3tK^«* f 1 0- 9 Torr^i-Cl^ 

(C 9 -2) atSM^Hf^SOiS^^^SriSAL, 1 
XI 0- 7 TorrcoME^H^.(-isv^Tfti*l 1 O^BrBS 
«T-3 5f»m*f!L£ [12 1 (b) - (c) ] c 

(C9-3) »*«-xoz»A*flfjhL, *&mm.commm 

1 0- 9 Torr^^T*^f*, v - K*f^ 

(C9-4) v-Kil2*fl£L^«iH>f»X7 
^>^I*K^ mrEOftff* )Vtr-£®mL fc„ 

(C9-5) X7f ^^Kli^g* ? 5ppmW 
T<OA r **X^jgAL*"XE^r 1 OmTorrt Lrcfs> ft 
i*l 1 U4tLTRF*«!**<bBf5eo*BES:enttlL, fti$ 
SI^K7l'i7f >^L/; [12 1 (d) — 

(e) ] o -eo^ftll, ifXJ£tj 2mTorr, £[1*0^*2 
0 0W, 4Q.aB#H 5f>t Lfc 0 

(C9-6) i-y^^^toaj*, -xy^>^a^ 1 bBS35 

fbLtzfei>&i$.i Hi, $WS7>7'!:t, 2 0 0ti: 
*DI>ftiS^L7t 0 ifiL, MaS(±¥mi:fiJitK^S^l 0 
- 9 Tor r T=r Z Xtm L T *> *) . SB CO ^ fC * - & ft ^ 
li, -xy^^^'St^aSorBl KT/^-riiHi; 

(C9-7) fe31Sl*3^»rj6*Ott*3!rx**At, 1 
X 1 0- 7 TorrCDME£H«<-i3^-Cfti* 1 1 <7)fE®£BS 
#T- 3 5 &|B]*ft Ltz [HI 2 1 ( e ) - ( f ) ] „ 

(C9-S) SSfR2fx<02gA£i?itU aaSOflJit* 
2JSS:1 0- 9 Torr^iT-«m^, «3£rt*'b&*Ttt« 
itSfflOSSIM 2 U, WEOftfr* * r- i »tb L fc. 

[0 1 9 S] Jt^'L, ±E«it*ST(i->- KSt L"C 
WCrHtfflv>fc. i-irfe*>, ^ife^iJ2 tBaii:, HJI 
1 ff)W9 — Y-y KcltxT, >- KifMlWi'-y 
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-/ Y t LTW28C m&ib 3N) im^tio 

[0199] m<7>6unmm i t^mt lt> isisis^ 

A 1 /N i P/WC r/C r/C o C r T afrhtthW. 
^.tmm^ [UTX'imfty IDOSDOI tDf#i- 

[0 2 0 0] g?5(i, t(W)#(OTEM^?i^co 

ig+o^egd [nm] , ett&A&?-*>ifi£{gg c 

gd-C«ofc«T**eg»1RC.V.grain, 11*60) 
5-9 T-ftSg L- jmtftr t IZ 1 1 tb fc»*T-*> 4 o 
[0 2 0 1] ifcS5i:ii, V SMT-iMjeLfc&fflMfcO 

taw. t tt2>wgmt<Dmtm&M & wimzizm. l 

[0 2 0 2] f<ji:«5i:ii, Jt«w^*(c, ±j£L£: 

3O0ttfi. (ft) , a (WCr) aO-'/J (WCr) <T)*&%. 
[0 2 0 3]^<r (*t) HftlSilxOv- K»Sr 

isnt-f, mn&ii&i&mi tmmt Ltz. ««***a i 

/N i P/Cr/CoCrTa*t)4-J fiEifcOJ&KIEif 

[0 2 0 4] ^« (WCr) tl±, »ll<0W?-y 
•y HCftx.T. •>- F«J*fll«»-y> htLTWas 
C r 72^-^ (*£« : 
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Ltj, JSffifiSc^A 1 /N i P/WC r/C r/C 
o C r T a h K &m%.tUmA*X- h Z> 0 ojl), 4>ffl 
KtaXfl7!i f XSDi:-e-itUSt<ItlS75>c>4''K >- K 
*7i*WC rR-e*4Ct*>e, f04»*|tfl- r (D 

S) ifUfixS: fcj»*t>#*f*#-c-£>* 0 

[0 2 0 5] (WCr) *Jfe09 3 WW * -Y 

v Hcf^xT, •>- h'mfcl&m<D9-Yy ht LtWs. 
Cr4 6 ^ : 3N) <Ui<7> *(i*ifc« 3 t 

mUt LtZs mmi&tfA 1 /N i P/WC r/Cr/C 
70 o C r T a b % Z>m%.U.mi&fcX' $> & „ oji), 4"H 

fiyixg^xn st-?- itua < iid<> <b & •) , -> - k 

WCrir-iiit^ib, -eofeiffcfcWfty (S 
D) tSIM2»Ct^fi4Kfl-T-*4„ 
[0 2 0 6] ■*-&*>*>, Sc5<75&i>fcfsM±, Stti: LTN 

4. ifctfrfta (*S) MOlWli, -/-KStLriii 
-tS<0WCrlJilAtv>4, oil), <r(*t)(±Jt$2 
15U<75MfK a (WCr) = y (DS) fiHiSf^ 2 »R#, 
,3 (WCr) = y (SD) JiSSSfclSU OKf*, y (DS0) (i 
20 ^JfctflJ 5 ORft, y (SD0) tiHSfcffl 6 OKfi, y (DO 
S) 11**01 7 y (D0SD) li^JSCT 8 <0|>t*- : K 

y (DOSDO) ItfkMffl 9<75ttt- ; K-*^ 0 

[0 2 0 7] 

[*5] 







m 


0 1 t * 


























d [nrr 


] 


a [nm] 


C.V.grain 


HcfkOe] 


AM 


a(*§) 


1 0. 


8 


3. 


6 8 


0. 


3 4 


1 . 


5 3 


1 0. 7 


a (WCr) 


9. 


5 


3. 


1 0 


0. 


3 3 


1 . 


4 8 


8. 5 


= 7 (DS) 




















0 (WCr) 


7. 


7 


2. 


3 4 


0. 


3 0 


I . 


5 0 




= y (SL>) 




















v (DSO) 


7. 


5 


2. 


3 5 


0. 


3 1 


1 . 


4 5 


8. 2 


y (SDO) 


7. 


3 


2. 


2 2 


0. 


3 0 


1 . 


4 0 


8. 0 


v (DOS) 


7. 


3 


2. 


1 0 


0. 


2 9 


3 . 


4 6 


7. 9 


v (DOSD) 


7. 


5 


2. 


0 4 


0. 


2 7 


1 . 


6 0 


7. 3 


v CDOSDO) 


7. 


2 


1 . 


8 5 


0. 


2 6 


1 . 


4 7 


7. 0 



[0 2 0 8] ^5*>f>, WT<7>.£7j J 9§<b7>>i fcofco 
[ * (WCr) t y (DS0)<OJtfx, ,3 (WCr) t y (SD0)<OJt 

m 

(I) XfID (K7-fx 7 f £ 1 £>X*1 S (>- 
KV&Jft) *^«:4«PMaaifl<0^U» 1*10 

(ilJ-^TCOfFffi (d, <r, C.V.grain, iiM) 7> f 

(II) itfl^, y (DS0)<Dt£-g- [« (WCr)UXSO^jiAD 
LfcJi-&] It. ¥*3eS75 ? 9. 575»<b7. 5i:«4?t4 

ffill(>3. 10rt"b2. 35tt«),2 
o<7)|ffffiH^^|BiB#U 2 0%U±4attS. 

(III) /c/iL, IfiD-I8S-ISOO0i:ffi» 
^ [y(DS0)] i'O, IiS-ISD-ieO^KiCfi 



[y(SD0)] 0*jJ*, J: '9 ^eit«i*|g^' 
/Jv^ < i*«|6j«:^L» wO0Sl6]l±IfIO<752gAfrt|Bl 

t y (DSO)Xli y (SDO) t y (DOS) t <0JtK] 
40 (IV) X*ID (K7-fx-;f^/) WftUISO 

*fl) S:ffoT7>'ibX@S (->-K*JK«) H/:S 

[y (D0S)OJ»fr] A*, IgDtIgSO»i:iSOS: 
ffT [y (DSO) Xliy (SDO) J: '9 , ?<bU^T<0 

[ y (DOS) t y (DOSD) Xl± y (DOSDO) t <7)it$t) 
(V) y(D0S)t;, »2<OIgD (KHi'/f/y) 
^*0x.^ 19 [y (DOSD) , *2<7)XfID (K9-f 

i7f>y) <omzm2coxmo m^mm t&tai- 

ZZ.t [y (DOSDO) UioT, 1f*{IHI±$C> 
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[0 2 0 9] ffiot, ±IE®*>«b, *Wftai8* , I8 
DRLKItlSCfinXs gffcl 1 yBf7E<7)6S^H^.Ul | S 
tliO^Iiti^iUiot. 1 4 £ 

[0 2 10] CiUi, IgOUiot, ft#cf*.1*7>"b& 
ifeSTltii'i 1 3<^& B B H ©^*I:Mb£Wli-&tf)t\ -?-<0 

i «*{ta*W <b it, ega^fift l tz i> <o t m 

7E<Ml-.J> 0 

[021 i] u^t\ -$i^mvm^'x^^mmf&<r>m 

1"&:b*>&tel l±i:Crri)t»tt*MTft 
VI 3 Lt C o m<££fr b %*>&mit&IX9 1 4 V 

RK-t4CrSH* f (2 0 0) E|6)L, *«0±U5£58tt£Jp4 
V 1 4tf r ikf**-> + JH$SLT (110) ElpjL&rt* 
•b^fTf &<D-C, &«T*ll«l 3 0«gSElflJttT<>oT 
S^tt^JRIS 1 4 Offi|6H±«:^»Ui-4C t* f T-#4, 

[0 2 12] L^4Us 180*1 J: oT 1*51*0 

<, %nm&£mm 1 4 sr4i-»*eo/ha!!ftu«>Aw# 

LfctJB*>n*o oil), $^t:i*I8O<0fA 
»181£&RV 1 4 <0E|6]14«0ffi;T& *> <bi"w t 4 < , 

ssstt^jsei 4 zmfc-t z>&&*t<n'hmitzmz> ^ t 
[0213] ttz, ±ie®j:i9, *im*3ie*i«D 

OfxT-XigO&fif *I:I8S Sr*Mi" 4 5**^55-^ 

WfiLtio i) , -f-OSti^TE^ <0 1 
#x."bit4 0 L/:!) ! ot, filiflUXJIDt: J: '9 C<0R£5t 
»4:I&*U 1 1 0*®<rf* '9 ffii-. 

X*tOU«fci9, COff^-ibSriaofc^l 1 <OS?rS 
± U . tt«Jg > S: tlj« L 4- *« <b B£$ * jg£iR* ? * 
5. IgSCiot, CO#3tS-£fcfflHIS«5« 

»t*«t&3»«?>5'- K* 1 2*%m-tz>o ft 
«BI^<b4:4->- K<5 l 2(±, fto*# Soffit:-, ft 

# & U (f <b o # ft")?* < , Hg-t & ft |W|±<OHR5 *> 

T C*^ XOi*)— fbA J Hit/cft^<0 >- Ym 1 2 TJTfft 
i-4*ft:i 1XU, &JP?T*»il 3, %ei£&RVl 4 
A r Hl'XfSS?n4 0T-, £-C«9i¥flS (d, <r, C.V.grai 
n, M) <b( eft t#x.t5it4o 
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[0214] £ <bU, _tfe©<fc ') , XSD, ISO, X 
esomcffo^ + KSaSX^U. ff)i:^2<oi8D 

(K7'fi7f>y) i-*Dx.4C: tf, ftttv-K^l 
2 <r>Mi& f d -t 7. v± C Sra 4 ft«ft * HI i) 

§13, ssjait^jRis 1 4 *w**tts-e-5 c t 

htaho Z<r>m%k. #^Tflk§ l 3 t*<n±.<r)mw&.£ 
mm 1 4 ti, •>- kh i 2 <7)SB(-5S#i-4##^^fi 

^T-#4„ oil), «2 0I|ID*tt«tfc + |B]te3Sie 
Srfflt>S;ti:j:i). S<b«-5*aii*«lil 4 

4SI1±t3:co/J-2ifb* ? it^, ^eiw^77*<,/j>? < 

[0 2 15] fit, ±IE*2 OI8D ( K7-fi7f 
>f) of^C, St>i:S5 2«I80 (BftMtft) *ii*p 
LfcJ»6-«i, ^2 <7)XfID(;J: i}»^b?it7tft«->- 

4 0 fit, ^CviroiTiSIlRSlcWiftl 1± 

ic ^sTUkv 1 3 , sm&£mm 1 4 

4 0 -f-<0$Sm, ft*^ff^3>"b^4->- KS1 2 i-^A^ 

»-ift»i" 4&«T*« 1 3 Ottifioa^ftt $ b 
ML, tOli:ms'*fc!lllt4IH 1 4 o^Jieo 

ffl^bi<t f)-«^Px«bn4<7)T-, mmio'hmium 
itz>tti>\zi&&(n/<7V*i>Zb\,z>bZ <%itz 0 * 

[0 2 16] iiEL/^^Ji, ^T, ifeRTil!i§ 1 3 «5 
■W^CflW t LTttg6i-45^mi4^K1 1 4 oRVi 

fc<6u, ^sTitt^ 1 3 o>mm*tfmit£iMm 1 4 <7»n 

[0 2 17] L/c^t, *H^Ulfi4*=^<b»AW 
iS^IB^I«fl:coS{ii^{r«tiitf, &M&£%,m 1 4* 
«fi£-r 4mi4$S B B B fi^-OiF*g^ ^ (b 4- 4 /MKb * H I) o 
40 o, #f|»»#1tO«ft:ji»§»lcKj8-C#i<0-C, m# 

4o 

[0 2 18] (*li0iJlO) : MD|# 

tAlifcftxt, C o £*#f£-t!:£N i Pi6o s<Ji 
■eftULtAlifi (M*«:tDf#.1-4) t»v>4tt» 

(±, it&m 1 1 lt, mmm*A i/nipco 

/Cr/CoCrTa «b 4 4 gmtEfliSfr [ttTT-lJ 
^3 (MD) tD¥#i-4 0 ] *^LtL-„ 
50 [0 2 1 9] oil), *0lJ(-f*4Mf45 (MD) tttmi 
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[0 2 2 0] 4J3, 122 Utt, $l?flU<&4> C o *#f N 

1 p/a i mmm^\ jtisiwi u^L^ssit^ffi^s 

[0 2 2 1 ] (fUfefflll) :mds«# 
*fflT(±, S^tLt, S-tON i PftoliTUSL ;o 
fcA 1 g«Uft;iT, Co5-*lf?^Ni P*oii 

2 tm^t LT, S««7)*A ! /N i PCo/WC r/ 
Cr/CoCrTa & 4«6SMESM*fls [WTtliK 
fl o (IDS) tnf#.-r^o ] *ML*. 

[0 2 2 2] oil). *0!)(-($-&Sm<? (MDS) tSOS 

«2U^*K**« (wcr) fcoMfi, gfawttfio* 

NiPlUCo**HfS*fc«l*) SrH'**;: 20 

So 

[0 2 2 3] (?tttOTl2) :MSDift 

*weii, mwt LT, a#oN i P#o#/f t&SL 
/:A 1 IfillftiT, Co***f$*fcNiP*olf 
filLfcAlM (M£tt) ^ffl^SJ-lWi, *«E0IJ 

4 tlBJtti: LT, *«**«A 1 /N i PCo/WCr/ 
Cr/CoCrTa * 4 JSJWESMIM* [WTtliK 

(hsd) fcifffc-ri. ] *ft*Lfc. 

[ 0 2 2 4 ] Oil), #Wc^Sfiltf4<5 (MSO) iHJS 
^4 \Z%Z>W&I3 (WCr) fcOgti, *#(75«p.<7>^ i0 
#14'), HfeO^SIfeftJilBI— C*4o L£rt f oT, :ii 

NiPli:Cot*liff*fc»*) ^^CM't-l 

So 

[0 2 2 5] (Uteffl 13) : MD S OW-M 
*$jT-(±, LT, il18-«DN i Piiolit-SSL 

£A I *EUftx.T> C o i&VtZ-&tzH i P#o 

5 tmmt LT, S1DSt5 ? A 1 /N i PCo/WC r/ 
Cr/CoCrTa*t)M ^^15^.1* [ WTTlif* 40 
ft* (MDS0) tDfft-fio ] fc^SSLfco 

[0 2 2 6] oi 0, #ffllU{fc*K*** (MDS0) fcUffiS 
01 5 IZi&ZlXW-y ■ (MDS0) fcO^li, ^<7>!1».<7)^S 

2O<0K#«rJt^i-^C tT, 3&iM2c#1± (1-&fe*>N 
iPli:Co«:*«fHfcj»#) rlK4^i!4 s fl 

So 

[ 0 2 2 7] (^JfetflJ 14) IMS DO«ft 
#0!lT-<±, SftiLT, If«?)N i Pft<jiifS!IL 
fcA I 3&«UftxT, CorMHi-tN i P«!)o?i 50 
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6 trafiSt LT, ^«fiKA f A ! /N i PCo/WC r/ 
Cr/CoCrTai>f.4' S8£ftfef&4»ffc [ttTT-HtR 
Wo (MSD0) tWft-tZo ] Srfi^Lfco 

[0 2 2 S] oil), :fctf8UtfiSS*#* (MS0O) t^Jfe 
U jfcSfiWy (MSD0) iOgti, £f*W*Ifp.<7)<k^ 

2 0«Kfi*ft«t4Ct-C, (1-«:*>*,N 
iPii:Co^M?t«iif) 5ri<4CtA f t-| 

So 

[0 2 2 9] (Hifcfflll 5) :MD0S4£ffc 
*CTT(±, LT, fl#ON i P*o||ftSL 

tA i^Si:ftir, c o i&ffiz^tzU i P*o#Jf 
tftSLfcA l£« (MI#) SrflH'SWnii, HJfcffl 

7 t^t LT, mmfc&A 1/NiPC o/WC r/ 
Cr/CoCrTai>f) «r«SjKCfMft: [J^TTliK 
f4* (MD0S) ttyfo-f&o ] £ft«Lfco 

[0230] oil), ^wnzi&zamd (mdos) t^ss 
i?y7i-^sKfl-y (mdos) torn*. *#oaa*>** 

4 '9, IlllOftSS^ffttm— T?**o Lt* f oT, 
2o«KftrJt|(t4;tT% 3£#<fcSPtt (-*"&*>*> N 
i PiCC o -£-**f$-«i:^«) SrP^S C 

So 

[0 2 3 1 ] 4 A3, H2 3 C(±, *WCl£SC o =£#rN 
i P/A 1 **«|7U*Lfc*EO«|jS* 
ft Sr mm L Tje^|B^«t# tftRt4»*0#I8ttt 

[0 2 3 2] (tftW 1 6 ) IMDOSDlft 
WJTIi, m#.t LT, lf(ON i P^c £lf T*£$L 
tzA 1 3&1RI-ftx.T, CorM?«NiPi!)oii 

S tiftt LT, ^tfS^A 1/Ni PC o/WC r/ 
Cr/CoCrTa <b 4- £ [JilTTIi&t 
#5 (MDOSD) tVfflrt&o ] tftllLt. 

[0 2 3 3 ] Oil), *mz&t&&;&8 (MDOSD) 
ifef?IJ8 (-i^SMfty (MDOSD) tWlli, ifr<?)il« 

ne > 2o<oi^fJ|.^Jt^-tSCtT, <-*-£*> 
*.NiPli:CoSr**fH/:»*) ^P-<SCi:75 ? T- 
14. 

[0 2 3 4] (HifeCTl 7) IMDOSDOM: 
*^|JT(±, aSfrt LT, jffl#<75N i P^-p^ST'^aL 
l^«(Cftx.T, Co£#W3-£fcN i PAofcJl 
■CttHLfcAlifi (M^#) «rfflt»4JiH*Ki, ^SS0U 
9 fclBJ&t LT, StS^^A 1/NiP C o/WC r/ 
Cr/CoCrTa e> 4 4»85^f£Si [ttTT'tiK 
#5 (MD0SD0) tDfft-.-rSo ] frffSLA:. 

[0 2 3 5] oil), ^plJdf^SMfl-o (MD0SD0) 
M0IJ9 IZfa&pmy (MD0SD0) t<r>mt. i^Oii<0 
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^NiPli:Cot*#r?*fca*) ^p^:t;d { f 

£ So 

[0 2 3 6] *6li. Uteffll tmttOTEMlBRStO 
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